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The demand for shark fins in Asiatic markets has resulted in excessive 
increases in shark catches, even for species that may be under protection 
or subject to management. As such, it has been necessary to develop and 
promote monitoring efforts for exploited species and taxonomic groups in 
order to improve fishing management strategies for elasmobranchs. Identi-
fying species from landings is one of many fishing management problems 
because landed organisms have usually already been processed and are 
therefore incomplete, which makes identification problematic, impedes 
the generation of proper species records, and leads to poor fishery assess-
ments. Tools that can correctly identify species, such as various molecular 
techniques, have become essential for accurate fishery assessments. In this 
study, 30 hammerhead trunks from artisanal fisheries from the southern 
portion of the Gulf of California were identified using multiplex PCR (17 
Sphyrna lewini and 13 Sphyrna zygaena). The total fee to identify each 
trunk with this technique was ~ $3.80 and the procedure required 2 to 5 
days. When compared with other widely-used methods, such as PCR-RFLP 
or barcoding, multiplex PCR is fast, efficient, low-cost, and easy to imple-
ment in a laboratory.
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1. Introduction
Shark landings have increased in recent decades due to the demand for shark fins in Asiatic mar-kets and shark meat in locations, such as Hong 
Kong, China, and Korea [1-6]. Shark meat is a relatively 
inexpensive protein source and is consumed by both 
humans and domesticated animals [7]. Sharks fins are a 
traditional ingredient in Chinese cuisine and are consid-
ered to possess beneficial properties[8]. Moreover, shark 
fins continue to be viewed as status symbol due to the 
associated exclusiveness and exoticism of the product 
and shark fins are judged based on the length, thickness, 
and texture of their fin needles, or ceratotrichia [8]. Not 
all the larger shark species possess the most attractive fin 
needles, but a particular high demand exists for the carti-
laginous ceratotrichia found on of the Sphyrnidae family, 
specially in the dorsal fin and lower lobe of the caudal 
fin[8-10]. 
In Mexico, shark fisheries represent an important eco-
nomic activity. Along the Mexican Pacific, hammerhead 
sharks comprise up to 30% of elasmobranch catches [11]. 
The scalloped hammerhead, Sphyrna lewini, and the 
smooth hammerhead, Sphyrna zygaena, make up the ma-
jority of catches for this group. The distributions of these 
species primarily overlap along the coast of Sinaloa [12]. 
Although these two species are morphologically distinct 
as adults (S. lewini has an extra notch in the center of the 
head), juveniles and shark trunks are difficult to identify 
in the field and in landings [3,13]. Since 2014, both S. lewi-
ni and S. zygaena have been listed in CITES Appendix II 
with the specification that their commercial exploitation 
must not be detrimental to the survival of their popu-
lations [11]. Therefore, accurate fishery assessments are 
necessary for the effective management and conservation 
of these species and depend on the correct identification 
of landed specimens [14]. 
In developing countries few records of species-spe-
cific shark catches are available as official statistics only 
report landings based on common or group names (i.e., 
a species complex). Moreover, the lack of biological 
data and the misidentification of organisms and body 
parts has hindered the proper identification of species in 
landings [15]. For example, hammerhead fisheries often 
land sharks without heads, trunks, or fins or eviscerated 
sharks, making species identification problematic [1,16,17]. 
These factors have led to questionable fishery assess-
ments and the biological characteristics of a species are 
generally not considered in management plans [1,16,18]. As 
such, the implementation of new tools to identify spe-
cies in landings, such as the use of molecular markers, 
is essential for reliable fishery assessments and effective 
management plans. Molecular markers are species-spe-
cific and may be used by any molecular lab with the nec-
essary equipment to identify organisms within hours or 
days given that their use requires following established 
protocols [3,19,20,21,22]. Furthermore, the use of low-cost 
molecular tools in developing countries where resources 
are often limited may facilitate the proper management 
and conservation of fishery resources [3,23]. 
Molecular methods of organism identification are di-
verse, yet the most common method is DNA barcoding, 
which is comprised of a PCR and the subsequent se-
quencing of a DNA fragment (COI and/or rDNA[15,22,24]). 
Techniques like PCR-RFLPs that involve a PCR, enzyme 
digest, and agarose electrophoresis [25] reduce costs and 
sample processing times. Furthermore, multiplex-PCR 
allows for the identification of multiple species in a sin-
gle PCR reaction using a primer set that amplifies target 
sequences from multiple species at an affordable cost 
[3,23,26]. Although some multiplex PCR primers have been 
validated, multiplex-PCR is not commonly used for the 
identification of shark trunks or fins in shark fishery as-
sessments [26,27].
Multiplex PCR is an accurate, rapid, and simple tech-
nique that may be implemented in any molecular biology 
lab to identify pelagic shark species [2]. The technique 
consists in a single PCR reaction with a primer set to 
simultaneously discriminate between the DNA of dif-
ferent species. The primer design is derived from DNA 
sequences that have been previously identified for each 
species. Each primer only hybridizes target DNA and ad-
ditional primer design involves amplifying fragments of 
different sizes for each species. Therefore, a subsequent 
agarose or polyacrylamide electrophoresis is enough to 
identify the species present in the sample without a fur-
ther manipulation of amplicons by restriction endonucle-
ase digestion or sequencing [2]. 
Species of Sphyrnidae family are of the most caught 
sharks worldwide, and a large percentage of the fins sold 
in Asian markets come from this family [3,21,28,29]. Given 
their importance, identification protocols using molec-
ular techniques have been implemented for sphyrnid 
species and have primarily consisted of DNA barcoding 
and multiplex PCR[3,19,21,27,29-37]. In fact, species-specific 
primers and a five-primer multiplex PCR have been de-
veloped and extensively tested worldwide for S. lewini, S. 
mokarran, and S. zygaena [3]. 
This work aimed to identify the trunks of hammerhead 
sharks from artisanal fisheries in the southern portion of 
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the Gulf of California in Mexico using multiplex-PCR. 
This technique has been shown to identify sphyrnid 
species correctly, efficiently, and reliably from a variety 
of tissue types [3] and is thus amply suited for the identi-
fication of hammerhead sharks from Mexican artisanal 
fisheries. The results of this study provide an efficient 
solution to the identification problems associated with 
landed sphyrnid organisms as well as samples from 
ichthyological collections. A proper record of sphyrnid 
catches in Mexico will improve landing records and con-
sequently improve fishery assessments and management 
in the country.
2. Material and Methods
Thirty hammerhead trunk samples from the Mexi-
can artisanal fisheries of Mazatlán (23°12’18.66’’N, 
106°24’36.35’’W) and Teacapán (22° 31’45.44’’N, 
105°44’09.53’’W) in Sinaloa, and from Santa Rosalia 
(27°20’13.72’’N, 112°15’45.79’’W) in Baja California 
Sur (Figure 1) were collected. Some of the sample trunks 
were identified by fishers using local species names (ham-
merhead, Sphyrna lewini, and the black hammerhead, S. 
zygaena).
Figure 1. Location of sample sites in the Gulf of Califor-
nia
Tissues from Sinaloa were collected in 2017 and kept 
in salt-saturated DMSO (SSD: saturated NaCl, ethylene-
diaminetetra-acetic acid, and dimethylsulfoxide 20%) 
and preserved at room temperature before being placed 
in long-term storage at 4 °C. Tissues from Baja Califor-
nia Sur were collected in 2011 and stored in ethanol at 
room temperature. A Student´s t-test was used to com-
pare DNA quality and quantity between the different 
preservation methods (salt-saturated DMSO or ethanol; 
Table 1 [38]).
Genomic DNA was extracted from 50 mg of tissue 
using standard proteinase K digestion and purified with a 
lithium chloride salting-out protocol, followed by organic 
extraction using chloroform-isoamyl alcohol and subse-
quent ethanol precipitation [39]. Nuclear ribosomal DNA 
Table 1. Concentration and quality of hammerhead shark 
DNA. DNA quality is measured by the absorbance rate 
A260/A280. Sample IDs are composed of species ab-
breviations (SZY= S. zyganea; SLE= S. lewini), sample 
location (IP= Isla de la Piedra; TE= Teacapán; SR= Santa 
Rosalía), and consecutive number. Bold sample IDs corre-
spond to the samples used in Figure 2. Results of the t-test 
to detect differences among preservation methods: DNA 
quality (t= 1.57; p= 0.13) and concentration (t= -0.46; p= 
0.64)
ID sample
Sample 
year
Preservation Solu-
tion
Quali-
ty Concentration (ng/μl)
SLETE-25 2017 SSD 1.95 774.2
SLETE-26 2017 SSD 1.98 1292.6
SLETE-27 2017 SSD 2.01 844.1
SLETE-28 2017 SSD 1.98 222.8
SLETE-29 2017 SSD 1.98 565.5
SLETE-30 2017 SSD 1.94 1560.1
SLETE-31 2017 SSD 1.99 392.9
SLETE-32 2017 SSD 1.59 2055.7
SLETE-33 2017 SSD 2.05 532.8
SLETE-34 2017 SSD 1.97 742.9
SLETE-35 2017 SSD 2.06 433.8
SLEIP-29 2011 SSD 2.03 173.0
SLEIP-30 2011 SSD 2.00 53.8
SLEIP-31 2011 SSD 2.06 206.8
SLEIP-32 2011 SSD 2.1 184.8
SLEIP-33 2011 SSD 2.08 201.1
SLEIP-34 2011 SSD 2.00 156.5
SZYIP-23 2011 SSD 1.98 185.6
SZYIP-24 2011 SSD 2.07 120.7
SZYSR-1 2011 ethanol 2.08 335.9
SZYSR-2 2011 ethanol 2.04 228.4
SZYSR-3 2011 ethanol 1.99 360.7
SZYSR-4 2011 ethanol 2.05 151.0
SZYSR-6 2011 ethanol 1.99 239.1
SZYSR-7 2011 ethanol 1.98 417.2
SZYSR-8 2011 ethanol 2.01 478.6
SZYSR-9 2011 ethanol 1.91 655.8
SZYSR-10 2011 ethanol 2.00 161.5
SZYSR-11 2011 ethanol 2.04 134.0
SZYSR-12 2011 ethanol 1.98 85.8
Average 2.00 464.9
DOI: https://doi.org/10.30564/jfsr.v2i1.1685
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(rDNA) was amplified. We used a PCR assay with three 
optimal species-specific primers (S. lewini, S. zygaena, 
and S. mokarran) combined in a 5-primer (pentaplex) 
reaction [3]. The pentaplex PCR included: shark universal 
primers FISH5.8S-F (5´-TTAGCGGTGGATCACTCG-
GCTCGT-3´) and FISH28S-R (5´-TCCTCCGCTTAG-
TAATATGCTTAAATTCAGC-3´ [23]) to amplify an rDNA 
fragment containing the entire nuclear ribosomal DNA 
internally transcribed spacer (ITS2) region plus short 
portions of the flanking 5.8S and 28S ribosomal RNA 
genes, and the species-specific primers for S. lewini (with 
a ITS2 fragment of 445bp; ScHH401F 5´-GGTAAAG-
GATCCGCTTTGCTGGA-3), S. mokarran (with a ITS2 
fragment of 782bp; GtHH123F 5´-AGCAAAGAGCGT-
GGCTGGGGTTTCGA-3´), and S. zygaena (with a frag-
ment of 249bp; SmHH630 5´-TGAGTGCTGTGAGGG-
CACGTGGCCT-3´ [3]).
Nuclear rDNA has been extensively tested as a shark 
species diagnostic tool and has proven to be 100% accu-
rate for identification [2,3,23]. The advantage of using inter-
genic regions, such as ITS2, is the presence of multiple 
insertion and deletions (indels), which are rare and reduce 
erroneous identification between DNA samples of differ-
ent species because each species is tagged with a numeric 
profile of fragment lengths.
All PCR reactions contained 0.2 mM dNTPs, 1x 
PCR buffer (10 mM Tris HCL, 50 mM KCl and 1.5 mM 
MgCl2), 0.4 µM of each primer, 0.5 U of Taq DNAPol 
(NEB, Ipswich, MA), and 10 ng of template DNA in a to-
tal volume of 10 µl. Amplifications were performed with 
the following thermal profiles: 94 ºC for 2 min, 35 cycles 
of 95 ºC for 1 min, 65 ºC for 1 min, and 72 ºC for 2 min, 
followed by a final incubation at 72 ºC for 10 min. 
Positive DNA controls of previously identified sphyr-
nids (S. lewini and S. zygaena) and negative controls with 
no target shark species were included in all PCRs. The 
sphyrnid specimens that were used as positive controls 
were collected from an artisanal fishery in Mazatlán. 
These specimens were complete specimens and were 
positively identified morphologically by a specialist. The 
ITS2 region of the DNA samples collected from these 
specimens was sequenced to confirm their morphological 
identification. These samples were used as positive con-
trol in each PCR multiplex to identify thirty hammerhead 
trunk samples.
3. Results and Discussion
A total of 30 samples were successfully identified to the 
species level using the pentaplex method proposed by Ab-
ercrombie [3]. The amplified samples presented 2-3 rDNA 
fragments (Fig. 2). Bands of ~900 bp were complete 
fragments of the ITS2 region for both species, while the 
smaller bands were species-specific. The rDNA fragments 
of 249 bp pertained to S. zygaena, while fragments of 445 
bp pertained to S. lewini. In some samples, we observed 
bands of ~2000 bp, which represented the unspecific 
amplification of a region of rDNA. Of the 30 samples 
analyzed, 17 pertained to S. lewini (6 from Mazatlán and 
11 from Teacapán) and 13 to S. zygaena (2 from Mazat-
lán and 11 from Santa Rosalia). The DNA samples of the 
adult S. lewini and S. zygaena organisms that had been 
correctly identified and used as the positive controls in the 
multiplex PCR were used to confirm the corresponding 
ITS2 fragments and multiplex PCR results, as has been 
done in previous studies [3,35].
Figure 2. Agarose electrophoresis (2%) showing multi lex 
PCR results. Lane (1) DNA ladder, lanes (2-5) rDNA of S. 
zygaena (Szy), lanes (6-9) rDNA of S. lewini (Sle), lanes 
(10-11) samples no target (Mca=Mustelus californicus and 
Gma= Gymnura marmorata), lane (12) negative control, 
lane (13) DNA ladder. Amplicons of universal primers 
were~900 bp.
Multiplex PCR and electrophoresis allowed us to 
identify hammerhead shark species quickly, accurately, 
and at low cost. Furthermore, the advantages associated 
with multiplex PCR allowed us to make proper use of the 
samples collected along the Mexican Pacific, which may 
not have been possible with other methods. Our results, 
and those of previous studies, indicate that multiplex PCR 
can serve as a useful monitoring tool to identify ham-
merhead shark meat and fins in landings, markets, and in 
mislabeled products worldwide [3,19,40]. This application is 
particularly important because S. lewini, S. zygaena, and 
S. mokarran are listed in CITES Appendix II and their 
commercialization is regulated. In Mexico, the molecular 
identification of hammerhead sharks using multiplex PCR 
during the seasonal elasmobranch fishing ban (from May 
1st to July 31st; DOF 2007) will support law enforcement 
and resource management efforts. Given the results of 
our study, we suggest that multiplex PCR should be used 
to identify hammerhead species in future evaluations of 
DOI: https://doi.org/10.30564/jfsr.v2i1.1685
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hammerhead landings in the Mexican Pacific and else-
where.
Although a higher concentration of DNA was observed 
when samples were preserved with SSD than with eth-
anol, a statistical comparison between the preservation 
methods found no significant differences in either DNA 
concentration or quality (Table 1). In the absence of an 
experimental test for the preservation efficiency of target 
tissues, the use of either ethanol or the SSD buffer is ap-
propriate as neither method compromises the effectiveness 
of amplification [41]. This is also true for samples that have 
been stored for several years.
The multiplex PCR results agree with the distributions 
of both species near the mouth of the Gulf of California. 
Artisanal fisheries land both S. lewini and S. zygaena in 
this region and particularly in Sinaloa [42,43]. The organ-
isms collected in Tecapán were S. lewini juveniles, which 
also agree with previous studies that have designated the 
Tecapan lagoon system as a possible nursery area for this 
species [42,44]. The organisms collected in Santa Rosalia 
were S. zygaena individuals, which coincides with the 
distribution of this species in temperate zones [45]. As ex-
pected, S. mokarran was not present among the sampled 
tissues. This is likely because there have been few records 
of S. mokarran in the Mexican Pacific over the last two 
decades [46] and there have only been a few catch records 
in the southern Mexican Pacific [12,47]. While S. media and 
S. tiburo showed high catch rates in 1960s in the Gulf of 
California, no catch records for these species are available 
for the last decade. As such, these species have likely been 
extirpated from the Gulf of California [12,46]. According 
with this historic data, we did not expect to find these spe-
cies among landed specimens.
Multiplex PCR produces accurate and efficient re-
sults after the designation of species-specific molecular 
markers, which requires a preliminary study involving 
the comprehensive sampling of organisms and loci. The 
disadvantages to using multiplex PCR include the initial 
investment costs required to develop the primers and that 
it can only be currently used to identify a small group of 
hammerhead species [2,3,19]. By taking into account species 
distributions and regional fishing records, it is possible to 
generate protocols for a given region. This implies that 
shark species identification protocols using multiplex PCR 
can be generated to identify species among samples, and 
that only those samples that produce questionable results 
may need to be sequenced[27]. A potential disadvantage to 
multiplex PCR is the possible presence of inhibitory sub-
stances in the DNA template for PCR. Similarly, errors in 
setting up the reaction may result in false negatives and 
the erroneous interpretation of the absence of target spe-
cies. Even though preliminary studies involve an addition-
al investment, multiplex PCR remains the best approach 
to rapidly identify species of importance to conservation 
efforts or commercial interests at an overall low cost. 
We evaluated the time and costs associated with multi-
plex PCR and found that the generation of results requires 
2-5 days, depending on the DNA extraction method, at 
an expense of ~ $3.80 (reagent cost) per sample. When 
comparing multiplex PCR with other methods, such as 
PCR-RFLPs or DNA barcoding, the associated costs are 
lower for multiplex PCR. For example, PCR-RFLPs re-
quire DNA extraction, a PCR ($3.80 per sample), and an 
enzyme digest, which carries an additional charge of 0.60 
cents per enzyme and adds an additional day to the time 
required for the analysis. The DNA barcoding method 
requires DNA extraction and a PCR ($3.80 per sample), 
but it also requires Sanger sequencing, which brings an 
additional fee of $8.00 (http://www.macrogen.com) and 
2-3 additional days are required to send sample by mail 
and have it processed in an external laboratory. Further-
more, PCR-RFLPs are generally inefficient because some 
enzymes can produce similar banding, making it neces-
sary to use more than one enzyme [48], which is reflected in 
increased laboratory costs. Likewise, barcoding requires 
the use of external sequencing services to obtain the final 
result, which implies not only extra cost but also addition-
al time.
Identifying species from landings is one of many com-
mon fishing management problems. Landed organisms 
have usually already been processed and are therefore 
incomplete, which makes identifying species highly prob-
lematic. Hammerhead sharks in landings are particularly 
difficult to identify morphologically as they are often 
landed without heads. Therefore, molecular tools that can 
correctly identify species, such as multiplex PCR, have 
become essential for better catch records. Given that the 
species-specific primers used in our study have been ex-
tensively tested and have been proven to be reliable[3,19,27], 
we were able to identify 30 hammerhead trunks from ar-
tisanal fisheries from the southern portion of the Gulf of 
California using multiplex PCR (17 Sphyrna lewini and 
13 Sphyrna zygaena). 
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